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and a relatively 
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areinforcin and holding 

mesmber of a permanent ring 2 and the projecting sections 3A 
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surface of the ring 3 are directly engaged with a shaft 1 
with initial 

interference between the sections 3A and shaft 1 so that 
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secured among the shaft 1, titanium ring 3^ and permanent 
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when a permanent-magnet synchronous motor is operated, 
Therefore, the 

vibration of the motor can be suppressed when the motor is 



operated at a high 

speed, because the rotor of the motor is not unbalanced in 
the peripheral 

direction^ and a highly reliable operating stage can be 
obtained;- because the 

centrifugal force which acts on the permanent magnets can 
be maintained. 
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* NOTICES 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 

3 Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the permanent magnet formula 
synchronous motor used as a ultra high-speed adjustable-speed motor which drives a compressor etc., 
and its rotator. 
[0002] 

[Description of the Prior Art] The motor in which the permanent magnet was attached by the rotator is 
used in many fields as a small and highly efficient direct current or an AC servo motor. Drawing 3 
shows an example of the conventional structure of the permanent magnet formula synchronous motor 
equipped with the rotator which has a ring-like permanent magnet. In this drawing, the shaft 1 1 of a 
motor is equipped with the ring-like permanent magnet 1 2, and motor Rota is constituted by the CFRP 
ring 13 which twisted the carbon fiber (it is called Following CFRP) around it, and was formed in it. 
Rota is supported by the bearing 14 held at casing 15. The stator 16 which contains a coil 17 is held at 
casing 15. Electric power is supplied to this motor by the inverter 18. 

[0003] A permanent magnet formula synctoonous motor like this example can make a rotator small, and 
since the exciting current is unnecessary, it has the advantage of ** in which efficiency is improvable. 
As a permanent magnet 12, in order to secure strong flux density, a neodium permanent magnet etc, is 
used. However, since destructive tension sigmaam of this magnet material is as small as 2 about 
8kg/mm, it twists and it has been reinforced with the large material CFRP 13 of specific strength. 
Although carbon-fiber independent tensile strength is two or more [ 200kg //mm ], since a grain 
direction and the direction which a centrifugal force's requires not being in agreement in fact, and the 
epoxy resin are infiltrated, CFRP in the state where the rotator was equipped has the tensile strength of 
two or more / dozens oflcg //mm ]. The reinforcement effect by such CFRP is expressed with the 
following formula.; 

[Equation 1] Thickness of the centrifugal tension and the permissible tensile stress of a sigmaam; 
permanent magnet which work to a sigmam; permanent magnet tc=(sigma m-sigma am) tm / (sigmaac- 
sigmac) here, the permissible tensile stress of sigmaaciCFRP, the centrifugal stress committed to 
sigmac;CFRP, and a tc;CFRP ring, and tm; it is the thickness of a permanent magnet ring. According to 
it, although this numerical example is shown in the Takahashi "the development example of a uhra 
high-speed motor", and the Heisei 8 electrical-and-electric-equipment national conference S.18-3, it is 
Rota peripheral-speed 196 m/s, and about, sigmam is 2 and 29.2kg [/mm ] sigmac [ 7.8kg / /] is / mm / 
2, If 8kg /of 2 and safety are now seen for sigmaam mm and 50kg /of sigmaac(s) is set to 2 mm, tc/tm 
will drop from (several 1) to about 1/2. That is, even if it has surpassed centrifugal tension 
sigmaam=8kg/mm2 which work to a permanent magnet, by twisting CFRP of about tc/tm=l/2 thickness, 
the conditions of sigmac(=7.8kg/mm2) <thetaac (=50kg/mm2) are satisfied, and destruction of a 
permanent magnet is prevented. 

[0004] As conventional technology in which such a permanent magnet formula rotator is another, there 
are some which were indicated by JP,3- 1 1 95 1 ,A, JP,7-284237,A, etc. In the "rotator of rotation 
electrical machinery" shown in former JP,3-1 1951,A, the structure which inserted the ceramic ring of 
high tension in the periphery of the permanent magnet attached in the shaft of Rota in the shape of a 
ring, and inserted the ring of a titanium alloy in the periphery further is proposed. Moreover, in the 
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"rotator with a permanent magnet of a motor" shown in JP,7-28423,A, the structure which attached the 
periphery of the permanent magnet attached in the shaft of Rota in the shape of a ring by eye a press fit 
by the small member of the shape of a ring constituted from non-magnetic material is proposed. 
Furthermore, the above-mentioned ring-like member is left in accordance with the shaft orientations of 
Rota, and are arranged, [ two or more ] 
[0005] 

[Problem(s) to be Solved by the Invention] The amount of distortion radial [ in the case of the above- 
mentioned conventional example of drawing 3 ] will be set to 0.00078 if 10000kg /of modulus of direct 
elasticity of CFRP is set to 2 mm. Therefore, if it is Rota with a diameter of 1 00mm, the amount of 
elongation radial [ the ] will be set to 0.078mm. On the other hand, although it is equivalent to 
abbreviation 35000r.p.m when this Rota is rotated by peripheral- speed 196 m/s, when rotating Rota at 
the high speed of tens of thousands of or more revolutions in this way, there is a possibility of causing 
the Rota vibration resulting from the elongation of the above CFRPs. 

[0006] Moreover, according to above-mentioned JP,3-1 1951, A, since the elastic modulus of a ceramic 
ring is very large, a permanent magnet is extended to radial with a centrifugal force, and does not cause 
vibration etc. Moreover, according to JP,7-284237,A, eye a press fit of a ring-Uke member has protected 
elongation radial [ at the time of high-speed rotation ] too. however, no such technology is the sides 
which have prevented deformation of a permanent magnet and are bound tight in the form which binds a 
permanent magnet tight, i.e., the thing which attached by carrying out so that a ceramic ring and the 
ring-like member itself might be directly bound tight to a rotor shaft (shaft) Moreover, assembly etc. 
uses a ceramic ring intricately with enlargement of a motor. 

[0007] The purpose of this invention is that can maintain highly the coaxiality of the ring for a 
permanent magnet ring and reinforcement, and a motor shaft, and the assembly also offers the 
permanent magnet formula synchronous motor and rotator of easy structure at the time of high-speed 
operation rotation. 
[0008] 

[Means for Solving the Problem] 
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MEANS 

[Means for Solving the Problem] Two or more ring-like permanent magnets with which arranged this 
invention in the shaft orientations of a shaft and this shaft, and it was equipped in order to attain the 
above-mentioned purpose, Direct system which can give the initial interference corresponding to 
this ring-like permanent magnet and the centrifugal stretching of itself, and makes a part of the inside is 
united with the aforementioned shaft a direct system. And the rotator of the motor characterized by 
having the titanium ring with which insides other than the aforementioned direct system **** were 
united with this peripheral surface of the aforementioned ring-like permanent magnet the system is 
indicated. 
[0009] 

[Embodiments of the Invention] Hereafter, the gestalt of operation of this invention is explained. The 
cross section and drawing 2 which show the composition of the rotator of the permanent magnet formula 
synchronous motor with which drawin g 1 becomes this invention are the A-A cross section of drawin g 
1 . In these drawings, a rotator consists of a shaft 1, a permanent magnet ring 2, and a titanium ring 3, 
and the stater 16 is equipped with the coil 17. Although two or more permanent magnet rings 2 are 
arranged at shaft orientations and some intervals are prepared between each ring, it divides into two or 
more rings in this way because it becomes impossible to create the permanent magnet ring of big width 
efface when a motor becomes to some extent large. The titanium ring 3 is also divided into plurality, 
and it is equipped so that the permanent magnet ring 2 may be held. Projected part 3A is prepared in the 
inner circumference of each titanium ring 3, the projected part 3A has been arranged between the 
permanent magnet rings 2, and the inner circumference section of projected part 3A is united with the 
front face of a shaft 1 the system. Although it is a ring-like like dmwing.2 , the cross-section 
configuration of the permanent magnet ring 2 is magnetized so that N and the magnetic pole of one pair 
of south pole may be formed at least magnetically. 

[0010] In the above-mentioned composition, the bore of the inner circumference section of height 3 A of 
the titanium ring 3, i.e., system **** on the front face of a shaft, and the relation of a shaft outer- 
diameter size shall give the initial interference (initial bolting force) corresponding to the centrifugal- 
force elongation also in consideration of the centrifugal force of a permanent magnet 2. This interference 
can be expressed with an outline degree type. 

[Equation 2] epsilon>^(Em-tm/Et-tt) epsilonm+epsilont deltad=epsilonD — here — the modulus of direct 
elasticity of Em; permanent magnet ring, the modulus of direct elasticity of Et; titanium ring, and 
epsilonm; — the virtual distortion by the centrifugal force of a permanent magnet ring, the centrifugal 
distortion of an epsilont; titanium ring, the diameter of D; titanium ring, the initial interference of a 
deltad; titanium ring, the thickness of tm; permanent magnet ring, and tt are the thickness of a titanium 
ring The first term of the right-hand side of (several 2) is equivalent to the interference for taking charge 
of the centrifugal force committed to the permanent magnet ring 2, and the second term of the right-hand 
side is equivalent to the interference for taking charge of the centrifugal-force elongation of titanium 
ring 3 self By giving the initial bolting force more than both sum, it is lost that the titanium ring 3 
separates from a shaft 1 during rotation. And since it is restrained by radial by setting the permanent 
magnet ring 2 by the titanium ring 3 a system, coaxiality with a shaft 1 is maintained. Since the 
coaxiality of the titanium ring 3 on stream and a shaft 1 can be maintained by doing in this way, 
imbalanced generating on stream can be lost. 
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[001 1] If one permanent magnet ring 2 is inserted in on a shaft 1 in the assembly of the rotator of 
drawing 1 , next, one titanium ring 3 will be inserted in. ** which the inner skin between the permanent 
magnet ring previously inserted in at this time and one end of the height of a titanium ring puts together 
a system, and height inner skin unites with a shaft a system — like, the aforementioned initial 
interference **d is given and a titanium ring is inserted in next, which the following permanent 
magnet ring unites with the inner skin between the height of the titanium ring inserted in now, and 
another edge a system — the permanent magnet ring concerned is inserted in like Although a permanent 
magnet and a titanium ring can be attached in a rotator by repeating the same work as the following, in 
order to do easy that a permanent magnet ring has small **** critical stress and the inclusion work of 
the titanium ring at the time of baked B AME work, and a permanent magnet ring and to perform them 
quickly at this time, the initial interference to the shaft of a permanent magnet ring works as 
Heedlessness, 0 [ i.e., ]. 

[0012] According to the form of this operation, since sufficient interference for a direct shaft front face 
is given and a titanium ring is made to set a system by the height of the inner skin, by not extending the 
titanium ring itself to radial with a centrifugal force at the time of high-speed rotation, and also system- 
setting a permanent magnet by the titanium ring, and holding it, it also prevents being extended with a 
centrifugal force and it can oppress vibration of high-speed operation certainly. 

[0013] Drawing 4 shows another example of composition of the rotator with a permanent magnet which 
becomes this invention, and changes the configuration of a titanium ring. This drawing is a cross section 
which includes the shaft of a rotator as well as drawin g 1 , and is illustrating a part of the upper half. 
Although it is the same as the composition of drawing 1 that the permanent magnet ring 2 has in the 
periphery of a shaft 1 at a suitable interval, and are attached in it, the titanium ring 40 is making the L 
type configuration to so to speak the thing of drawing 1 having been T type, if it sees in the cross section 
of this drawing. [ two or more ] namely, which height 40 A is prepared in the iimer circumference 
section of the end of a ring, and this is inserted between permanent magnet rings, and is united with a 
shaft 1 a direct system — it is like There is the same effect as drawing 1 by setting it as the value which 
explained the path of the inner skin of height 40A by (several 2), and giving a suitable interference also 
with this composition. Furthermore, in the case of drawing 4 , molding of the titanium ring 40 becomes 
easy, and installation to a shaft can also be more easily performed now. 

[0014] Drawing 5 shows still more nearly another example of composition of the rotator with a 
permanent magnet which becomes this invention, and is the modification of the composition of draw ing 
1 . That is, four pieces adjoin shaft orientations at a time, it is arranged, height 5 OA of the titanium ring 
50 of a T character type [ cross section / the ] is inserted among every four pieces, and a permanent 
magnet 218****^^* put together a system with the front face of a shaft 1 in the inner skin. It is also 
possible to take as arbitrarily as 2, 3, and ... the number of the permanent magnet by which contiguity 
arrangement is carried out, the shaft-orientations width of face of a titanium ring becomes long, so that 
many this is taken, and such composition has an effect in reduction of the installation routing to a shaft. 
However, increase of shaft-orientations width of face causes increase of the eddy current loss within 
titanium, and the area of direct system **** with a shaft decreases. Therefore, it is necessary to select 
the nxxmber of a suitable permanent magnet by these trade-ofves. 

[0015] Drawing 6 shows still more nearly another example of composition of the rotator with a 
permanent magnet which becomes this invention, and is the modification of the composition of drawing 
4 . That is, four pieces adjoin shaft orientations at a time, it is arranged, height 60 A of the titanium ring 
60 of a L character type [ cross section / the ] is inserted among every four pieces, and a permanent 
magnet 2 is ****** put together a system with the front face of a shaft 1 in the inner skin. The fitter to a 
shaft can cut down by choosing suitably the number of the permanent magnet by which contiguity 
arrangement is carried out also in this case. Moreover, in any [ drawing 5 and / of 6 ] case, the big 
bending moment starts the root of a height by the permanent magnet at the time of high-speed rotation, 
and the centrifugal stretching of the titanium ring itself. Since the bending moment becomes so large 
that the shaft-orientations width of face of a titanium ring is large, it needs the design also in 
consideration of this point. 
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[Drawing 5] 
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PERMANENT-MAGNET SYNCHRONOUS MOTOR AND ROTOR 
[Eikyu jisekishiki doki dendoki to sono kaitenshi] 
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Hitachi, Ltd. 
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Claims 

1 . A motor rotor characterized by the fact that it is composed of the following parts: 
a shaft, 

multiple armular permanent magnets installed side by side in the axial direction of said 

shaft, 

and titanium rings, which provide the initial holding force for matching the centrifugal 
force and elongation of the annular permanent magnets, have a direct engagement surface that 
forms a portion of its inner surface and directly engage with said shaft, and have an inner surface 



2 

other than said direct engagement surface and engage with the outer peripheral surface of said 
annular permanent magnets. 

2. The motor rotor described in Claim 1 characterized by the fact that the direct 
engagement surface of said titanium rings is the surface formed by the ends of the projections on 
the inner peripheral surface set in the central portion in the axial direction of said titanium ring. 

3. The motor rotor described in Claim 1 characterized by the fact that the direct 
engagement surface of said titanium rings is the surface formed by ends of the projections on the 
inner peripheral surface arranged on one end in the axial direction of said titanium ring. 

4. A permanent-magnet synchronous motor characterized by the fact that it utilizes the 
motor rotor described in any one of Claims 1-3. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a permanent-magnet synchronous motor for use as an 
ultra-high-speed variable-speed motor for driving a compressor, etc., as well as its rotor. 

[0002] 
Prior art 

Motors with permanent magnets attached to the rotor are widely used as miniature 
high-performance DC or AC servo-motors in many fields. Figure 3 is a diagram illustrating an 
example of the conventional structure of a permanent-magnet synchronous motor equipped with 
a rotor having annular permanent magnets. As shown in this figure, annular permanent magnets 
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(12) are installed on shaft (11) of the motor, and carbon-fiber [reinforced plastic] (hereinafter 
referred to as CFRP) is wound thereon to form CFRP ring (13) as the motor rotor. The rotor is 
supported on bearings (14) in housing (15). Stator (16) with coil (17) accommodated therein is 
held in housing (15). Power is fed to this motor by means of inverter (18). 

[0003] 

For the permanent magnet type synchronous motor in this example, it is possible to 
reduce the size of the rotor, and there is no need to use excitation current. Consequently, the 
efficiency is improved, which is advantageous. In order to ensure a high magnetic flux density, 
neodymium permanent magnets, etc. are used. For permanent magnets (12), However, for such 
magnet material, the breaking tension cram is as low as about 8 kg/mm . Consequently, it is 
reinforced by winding CFRP (13) with a high specific strength. Although the tensile strength of 
the carbon fibers themselves is at least 200 kg/mm'^, in practice, because the fiber orientation 
does not agree with the direction of the centrifugal force and because epoxy resin is impregnated, 
when CFRP is installed on the rotor, the tensile strength is tens of kg/mm or higher. In this case, 
the reinforcement effect of CFRP is represented by the following equation: 

[Equation 1 ] tc = (am - aam) tm/(aac-ac) 

where am represents the centrifugal tension acting on the permanent magnet, aam represents the 
tolerable tensile strength of the permanent magnet, aaci represents the tolerable tension, ac 
represents the centrifugal stress acting on CFRP, tc represents the thickness of CFRP, and tm 
represents the thickness of the permanent magnet ring. The above listed numerical example is 
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described in the following reference: K. Takahashi: "Case of development of ultrahigh-speed 
motor," 1996 National Conference of Electrical Association, S.18-3. In this case, the 
circumferential velocity of the rotor is 196 m/s, am is 29.2 kg/mm , and ac is 7.8 kg/mm . If 
aam is 8 kg/mm , and for safey's sake, aac is 50 kg/mm , then according to Equation 1 , tc/tm is 
about 1/2. That is, even when the centrifugal tension aam acting on the permanent magnet is 
over 8 kg/mm , by winding CFRP with a thickness corresponding to tc/tm of about 1/2, the 
condition of ac (^7.8 kg/mm ) < Gac (==50 kg/mm ) is met, and damage to the permanent magnet 
can be prevented. 

[0004] 

Japanese Kokai Patent Application Nos. Hei 3[1991]-1 195 1 and Hei 7[1995]-284237 
described other methods of the prior art of the permanent-magnet-rotor. Japanese Kokai Patent 
Application No. Hei 3 [ 1 99 1 ]- 1 1 95 1 describes "rotor of rotating motor" characterized by the 
following structure: ceramic rings with high tensile strength are fitted for fastening on the outer 
periphery of permanent magnets mounted in ring configuration on the shaft of the rotor, and 
rings made of a titanium alloy are fitted on the outer periphery of said ceramic rings, 
respectively. Japanese Kokai Patent Application No. Hei 7[1995]-28423 describes a "rotor with 
permanent-magnet motor" characterized by the following structure: on the outer periphery of 
permanent magnets attached as rings on the shaft of the rotor, and annular, narrow elements 
made of a nonmagnetic material are fitted for fastening on the outer periphery of the permanent 
magnets. Multiple said annular elements are separately arranged along the axial direction of the 
rotor. 
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[0005] 

Problems to be solved by the invention 

In the prior art shown in Figure 3, if the longitudinal modulus of CFRP is 10,000 

kg/mm , then the amount of deformation in the radial direction is 0.00078. Consequently, for a 
rotor with a diameter of 100 mm, the extension in the radial direction is 0.078 mm. If the rotor 
rotates with a circumferential velocity of 196 m/s, this corresponds to a velocity of about 35,000 
rpm. However, if the velocity goes as high as tens of thousand of rpm, rotor vibration may occur 
due to said extension of CFRP. 

[0006] 

According to said Japanese Kokai Patent Application No, Hei 3[1991]-11951, because 
the ceramic rings have a very high modulus, no extension and vibration in the radial direction 
due to centrifugal force takes place for the permanent magnets. According to said Japanese 
Kokai Patent Application No. Hei 7[1995]-284237, due to the fitting of annular elements, 
elongation in the radial direction can be prevented when the rotor rotates at a high velocity. 
However, all of the aforementioned examples from the prior arts are designed for prevent 
deformation of permanent magnets by using the form of fastening of the permanent magnets and 
their fastening elements, that is, ceramic rings and annular elements, are themselves not directly 
mounted and fastened on the rotor axle (shaft). Also, since ceramic rings are used, the size of the 
motor becomes larger, and assembly becomes complicated. 
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[0007] 

The purpose of the present invention is to provide a permanent-magnet synchronous 
motor and its rotor w^ith a structure that can maintain a high coaxiaHty of the permanent magnet 
ringSj reinforcing rings and motor shaft, and that allows easy assembly, 

[0008] 

Means to solve the problems 

The purpose of the present invention is to solve the aforementioned problems of the 
conventional methods by providing a motor rotor characterized by the fact that it is composed of 
the following parts: a shaft, multiple annular permanent magnets installed side by side in the 
axial direction of said shaft, and titanium rings, which provide the initial holding force for 
matching the centrifugal force and elongation of the annular permanent magnets, have a direct 
engagement surface that forms a portion of its inner surface and directly engage with said shaft, 
and have an inner surface other than said direct engagement surface and engage with the outer 
peripheral surface of said annular permanent magnets. 

[0009] 

Embodiments of the invention 

In the following, embodiments of the present invention will be examined. Figure 1 is a 
cross-sectional view illustrating the structure of the rotor of the permanent-magnet synchronous 
motor of the present invention. Figure 2 is a cross-sectional view along A-A in Figure 1 . In these 
figures, the rotor is composed of shaft (1), permanent magnet rings (2), and titanium rings (3). 
Also, coil (17) is mounted on stator (16). Multiple permanent magnet rings (2) are set in the axial 



direction, with a small gap between neighboring rings. Division of said multiple rings is required 
because when the motor becomes larger than a prescribed size, it becomes impossible to 
manufacture a single permanent magnet ring with a large width. Also, multiple titanium rings (3) 
are divided from each other and are mounted to hold said permanent magnet rings (2). Projection 
(3 A) is formed on the inner periphery of each titanium ring (3). Said projection (3 A) is located 
between permanent magnet rings (2), with the inner peripheral surface of projection (3 A) engage 
with the surface of shaft (1). As shown in Figure 2, the cross-sectional shape of permanent 
magnet ring (2) is annular, and it is magnetized to form at least one pair of N and S poles. 

[0010] 

In the aforementioned application example, the inner dimensions of the inner peripheral 
portion of projections (3 A) of titanium rings (3), that is, the part that engages with the surface of 
the shaft, and the outer diameter of the shaft should have an appropriate relationship to provide 
an initial interference (initial holding force) that matches the centrifugal extension in 
consideration of the centrifugal force of permanent magnet rings (2). This interference can be 
represented by the following relationship: 

[Equation 2] £ > (Em • tm/Et • tt) sm -i- st 

where Em represents the longitudinal modulus of the permanent magnet rings, Et represents the 
longitudinal modulus of the titanium rings, sm represents the virtual deformation of the 
permanent magnet rings under the centrifugal force, st represents the distortion of the titanium 
rings under the centrifugal force, D represents the diameter of the titanium rings, Ad represents 



the initial interference of the titanium rings, tm represents the thickness of the permanent magnet 
rings, and tt represents the thickness of the titanium rings. The first term on the right-hand side of 
(Equation 2) corresponds to the interference for receiving the centrifugal force acting on 
permanent magnet rings (2). The second term on the right-hand side corresponds to the 
interference for receiving the extension of titanium rings (3) themselves. When an initial 
fastening force higher than the sum of said two items is applied, titanium rings (3) do not leave 
shaft (1) during rotation. Also, since permanent magnet rings (2) are engaged with titanium rings 
(3), they are restrained in the radial direction. Consequently, their coaxiality with shaft (1) can be 
maintained. In this way, it is possible to maintain good coaxiality between titanium rings (3) and 
shaft (1) during operation. As a result, there is no imbalance during operation. 

[0011] 

When the rotor shown in Figure 1 is assembled, first, one permanent magnet ring (2) is 
fitted on shaft (1). Then, one titanium ring (3) is fitted. At this time, the titanium ring that gives 
said initial interference Ad is fitted so that the first permanent magnet ring engage with the inner 
peripheral surface between itself and one end of the projection on the titanium ring, and the inner 
peripheral surface of the projection is engaged with the shaft. Then, the next permanent magnet 
ring is fitted such that it engage with the inner peripheral surface between itself and the other end 
portion of the projection on the titanium ring that has been fitted. Then, the same operation is 
carried out repeatedly until all of the permanent magnet rings and titanium rings are mounted on 
the rotor. In this case, the operation is performed with zero initial interference of the permanent 
magnet rings on the shaft so as to reduce the tensile limit stress for the permanent magnet rings. 



9 



to facilitate the operation for assembling the titanium rings and the permanent magnet rings in 
the shrink-fitting operation and to ensure that the operation can be carried out quickly. 

[0012] 

In this embodiment, because the titanium rings directly engage with the surface of the 
shaft by means of the projections on the inner peripheral surface with sufficient interference, the 
titanium rings themselves do no extend in the radial direction under the centrifugal force when 
rotating at high speed, and as the permanent magnets are also held as they are engaged by the 
titanium rings, their extension under centrifugal force can also be prevented, and vibration in 
high-speed operation can be suppressed reliably. 

[0013] 

Figure 4 is a diagram illustrating another application example of the rotor equipped with 
permanent magnets in the present invention. In this case, the shape of the titanium rings is 
changed. This figure is a cross-sectional view that includes the shaft of the rotor is the same as 
that in Figure 1 . Also, it only shows a portion of the upper half. Permanent magnet rings (2) are 
mounted with appropriate gaps on the outer periphery of shaft (1), This is identical to the 
structure shown in Figure 1 . However, the cross-sectional shape of titanium rings (40) is L- 
shaped instead T-shaped, as shown in Figure 1. That is, projection (40 A) is formed on the inner 
peripheral portion on one end of the ring, and it is inserted between neighboring permanent 
magnet rings, and directly engages with shaft (1). In this constitution, the diameter of the inner 
peripheral surface of projection (40 A) is also selected to have the value defined by Equation 2 so 
as to provide appropriate interference. As a result, the same effect as that shown in Figure 1 can 
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be exhibited. In addition, for the constitution shown in Figure 4, molding of titanium rings (40) is 
easier, and their mounting on the shaft can also be carried out simply. 

[0014] 

Figure 5 is a diagram illustrating another application example of the rotor equipped with 
permanent magnets in the present invention. It is a variant of that shown in Figure 1 . In this 
example, four permanent magnets (2) are set adjacent to each other as a group in the axial 
direction. Projection (50A) of titanium ring (50) with T cross-sectional shape is inserted between 
neighboring 4-permanent magnet groups, and its inner surface engages with the surface of shaft 
(1). Here, there may be any number (2, 3,. . .) of permanent magnets set adjacent to each other in 
a group. The larger the number of permanent magnets in each group, the longer the titanium ring 
in the axial direction, and the less the number of man-hours required to, install them on the shaft. 
However, an increase in the length in the axial direction leads to an increase in the eddy currents 
in titanium, and a decrease in the surface area for direct engagement to the shaft. Consequently, 
it is necessary to select an appropriate number of the permanent magnets in each group in 
consideration of an appropriate tradeoff 

[0015] 

Figure 6 is a diagram illustrating another example of the constitution of the rotor 
equipped with permanent magnets in the present invention. It is a variant of that shown in Figure 
4. In this application example, four permanent magnets (2) are set adjacent to each other to form 
a group in the axial direction. Projection (60 A) of titanium ring (60) with L-sectional is inserted 
between neighboring 4-permanent magnet groups, and its inner surface engage with the surface 
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of shaft (1). In this constitution, one also selects an appropriate number of permanent magnets to 
be set adjacent to each other in a group; as a result, it is possible to reduce the number of 
man-hours for installation on the shaft. Also, in either Figure 5 or Figure 6, a significant bending 
moment is applied to the mounting portion of each projection due to the elongation caused by the 
centrifugal force of the permanent magnets and titanium rings themselves during high rotational 
velocity. The increase in the bending moment with the width of the titanium ring in the axial 
direction should be taken into consideration in the design process. 

[0016] 

Effects of the invention 

According to the present invention, no rotor imbalance during high-speed operation. 
Consequently, it is possible to suppress vibrations during operation and to maintain stability 
under the centrifugal force acting on the permanent magnets. As a result, it is possible to realize 
operation with high stability and reliability. 

Brief description of the figures 

Figure 1 is a diagram illustrating an example of the constitution of the rotor equipped 
with permanent magnets in the present invention. 

Figure 2 is a cross-sectional view taken across A-A in Figure 1 . 

Figure 3 is a diagram illustrating an example of constitution of the conventional 
permanent-magnet synchronous motor. 

Figure 4 is a diagram illustrating another example of the constitution of the rotor 
equipped with permanent magnets in the present invention. 



Figure 5 is a diagram illustrating yet another example of the constitution of the rotor 
equipped with permanent magnets in the present invention. 

Figure 6 is a diagram illustrating yet another example of the constitution of the rotor 
equipped with permanent magnets in the present invention. 

Brief description of the part numbers 
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